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ABSTRACT: 

PROBLEM TO BE SOLVED: To measure contaminates in a 
processing chamber, by a 

method wherein gaseous contaminants such as moisture, oxygen, 
carbon dioxide, 



or combinations of thereof are measured with microsensors. 

SOLUTION: An apparatus which measures contaminants in a 
semiconductor 

processing chamber 10 is equipped with the processing chamber 10 
and one or 

more microsensors 56, where the microsensors 56 are so arranged 
as to receive 

the exhaust gases from the processing chamber 10 and to measure 

real-time . . 

concentrations of one or more contaminants. Contaminants existing 

in the _ 0 
processing chamber 10 are measured with the microsensors 56 

while wafers are 

subjected to processing after the processing chamber 10 is 
exhausted by a 

coarse pump 12 and a high-vacuum pump 52. The microsensors 56 
are selected to 

measure gaseous contaminants such as moisture, oxygen, carbon 

dioxide, or . . 

combinations thereof, and the in situ monitors comprise a thin film 

sensor is 

considered as preferable. 
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1. Title of Invention 



IN SITU MONITORING OF CONTAMINANTS IN 
SEMICONDUCTOR PROCESSING CHAMBERS 
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2. Claire 



.1. Amc ^fbrniea5imiscontann^ 
the steps o£ 

flowing exh*st gases from Ac processing charaberlhiough one or mom mic^^ 
5 essentially reel-time coreentrations of one or more c o nt«miw«nW 



i Theroethtxlofcliiiml.whermslW 

3. The method of cbim 1, wherein at least one micrasensor is an m situ monitor which 
comprises a quartz crystal coated with barium. 

4. The method of data l.whexem a dem^ 
chamber through the mioasensoc. 

5. , The method of claim 1, rorthc* comprising the step of selectively commnnicating the 
nribosensorwith the eshaost gases flowing fixm me processmg chiunber. 

6 A method ft* measuring one or more gaseoos contaminants in a semiconductor processing 

chamber, comprising the steps of: 

evacuating the prootwing chamber with a high vacuum pomp; and 
. sefcst ^ ve ^ CO mmuincatu^ 
processing chamber and process sase. oypassmg the iKOcessmg cnamber. 



7. The method of claim 6. wherein* least one w *m< monitor comprises 



3 thin film 
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g. xtomdhodofdauii^TrfieOTall^^ 
with barium- 

9. The method of claim 6. wherein the real-time concentration of water is continuously 
measured. 



10. 



Themeihcdofcliiim^ 



11. An ap p ar at u s for 



oontamiaanta in a semiconductor processin g chamber, 



composing; 

a processing chamber; and 
oneoT^nderoettSOf^atk^^ 

the processing 



chamber and measure essentially real-time concentrations of one or more 



12. . Theap|«ratnsofcIaimU.i*«aTmatto 

13. The apparatus of claim ll,wherem «t least one n£cxt*^t i» m la *iu monhar *bich 
comprises a quartz crystal coaled with barium. 

14. Thei^anitusofelaimll.wne.cmadedicalea 
6om the processing chamber through the rmcrosenaor. 

15. The apparatus of claim 11, further comprising one or more valves for selectively 
communicating the microsensor with the odwat 



( 
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16. An apparatus fix measuring conunniana in a semiconductor poo-ring 

comprising; _ _ 

» processing cfaamlx* eon*rising~a gas mist ami aa eabwst port; 
a source of « ox mote process gases connected to the gas inlet; 



, Ugh vacuum pomp command to me eahaustport; 
one or more in silu monitor*; and 

on. or more valve, portioned to sefatively conuoomcate me *. xa^ r^mr. with me 
.ouxneofoneormom pn^g^ a^aportkmof^cxWed fi^th,, 



17. Tte 



appmms of chrim 16. wherein at least one in sit* «cml«ecaiiprises.flimnlm 



18. 

coaled wilh barimn. 



Thoappaiamsofelatal«Sv 

19 . The apparatus of claim 16. wherein at least onefaato monitor measmes emeanally rem- 

20. Tte*p«at»aofcWml6.wtor«m.proee«^ 
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BACKGROUND OF THE INVENTION 



PTHl* f l *' I " ventio * 

Thepnsan invention relals gcocmlly to devices end mc*odsfornn*suring< 

More particularly, the present imortion relates to deviees and methods I 



in a process stream. 



measuring contaminants in processing 



chambers used to make semiconductors. 



Bastenaad \ 

Adevieeemr^ynsedtomesswecontsDrins^ 
axcrid^gassndyzrrCI^ Formoaitxxing 
ofcon t»mm«nt3.»pcoce^ 

cooboi valvoor a limiting orifice into the analyzer. Such a residurf gas analyzer is boll* ~* 
e^pearive. Brfisga^y ii«^ of 
Into the chamber 

dti^ evacuated by a rouging pump 12 through an open stxut-offvalve 14. Ahighvaomm 

then evacuates the chamber 1 0 through a control gate valve 1 8 



is nut 



pump 1 6, such as a cryogenic pump, 



P 9 8 AM-0 3 7 
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byclosingmeshnt^vaNcKandop^ T^Mghvacuumpump 

16 contiaues to pumpmc chamber 10 ^dnringpnx^ins «f ^<^^ OQCOrm ° ie 
p^^^^Ctvro shown) are s»lec^ . 
i^vaKe 22 or directly to tliciougbing pump 12 Ihrough abypass varve24. The process gases arc 
typicpy supplied fin gas <*lmders 26. 2S ihnn^ cylmder shut-offvah« 30, 32. Thefibwrste 
ofrhe gases is typically controlled with mass flaw corfrcllcn, 34. 36. TW way valves 38, 40 am 
be used u, selectively flow the process gases to the ctob« lOartotheiougbiagpump ir Each 
three way valve may be replaced by a tee and two shnt^Crvalves positioned on the outlets. 

A* m situ moisture «alyar 42 may be used to monitor the iiroce» gases prior to entering 
ti.e.Jamm.IO. Am*lenedmei--n ! a P a|yze t h«»a»ie ^filmofb-hmco^onaquerttcrnml 
nn^alaocesensoraadiscorn^ 

ITJ^.UaiiedStatesPateiitaNoa. S,339,«75 and 3/177,71 6 describe tbmfi^ 
moisture in process gasscs which am inlet m semkoaducmr pocCT ring c hamb em. 

A residual gas analyzer 44 measures contaminants within the processing chamber 10. 
Contunmumtstypica^ 

pump 46 draw, a amaU volume of gases from me ch^ 10 thnmgh a control valve 48. or a 
Ibnirfngorifioa, Samphng of the gases in the chamber 10 is selected hy a shut^ff ralvc which 
connects the tmbo pump 46 and the roughing pump 12. 

Tbe residual gas analyzer 44 does not operate at mcreased pressures as tte regmw 
typically fouad in process g^s lines which supply the processing chamber 10. Additional monitors 
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for process gases arc lyp^ Therefore, 
exists * need for an apparatus sad method for lueasuring contaminants in either process 
in a processing 



Uprose* invent 
w tammar*wu^ Accorc^toame^ 
or the present invention, s small volume of exhaust gases are drawn through one or mow 
microsensots by a dcdlcatral smaller higft vacuum pomp. The microsensora are seteete4 to measure 
g^couscciilann^ 



^preferred. The in lnohhors are readily configured 
select measurement of coniammama m process 



monitors comprising a Hun film savor 
to 



HricJJ 

Sotfaitfthflinaimermwm^ 
invention areata amorcprtkiilard 

> fee embodiments thereof which are illustrated 



in the appended drawings. 
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It bib U noted.ho*ever. Oat the appended dtawfags iltoU-e ool y typical « 
of this invention and are Iberefore not to be con.de.ed limiting of to scope, for fbc invention may 
adnrit to oilier equally effective embodiments. 

Fwafintheriindetttaaiingtf^ 
detailed description. 

T^nul Pescr tpfimi tf Tiiveatfon 

The present invention piovides an app«»M 

^,4^ 06 duennas the ■ppr^ 
^rf^tten^nson^ posits 

- «* nvitifmnnits. A small vokmte of 

measure essentially real-time conccgraaons of one or more ca mmwma a. a m*-** 
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The microscnsots axe selected to measure gaseous <T wi t ainHi i nu s ^ » moisture, oxygen, 
carbon dioxide, or comWnauons thereof. In ^ monitors comprising a thin fihn sensor arc 



The apparatus of the mvenoon preferably comprises a irocessmgchu^ 
Wet and an exbanrtport. asoureeof one or more pK>«» 8^ to the gas inlet, a bish 

vac^pun^ connected to the exh^ 

posMoncdtosefccnWcomnnmfcamn^m P™* 68 
a poitionofgascs exhausted Com the processing chamber; 
The present invention provides a method for measuring contaminants in a sonxxmductor 
ing chamber, comprising the e 
ttaongh on. or mo™ and mearering e«nt»uy readme eoncentnmons of one or 

conlaa ri Mate . The method of tte invention prefenMy con^rises the confined step^ 
flic procrs-iing ™th a high vacuum pnmp, and selectively comnvimirsUing ( 

or iriore iiumhors wm exhaust gases floi^ 

bypassing the processing chamber. 

The method and apparatus can be used with any processing chamber, and is ideally suited 
for the Low pressures and high tempesatmes encountered mpf^^ 

on senricooJuctor wafas. 

Further description of the invention wfll be directed toward specific embodiments. 
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^^^rTOU^pan^iattaoaghanopeDshBt-off valve 14. A high vacuum pump 52. Such 
asacxyogcnicpun^lb^eva^^ 

rfMioff valve 14 and opening a second ^-off valve 20. The vacuum pump 16 centime* to 
pB n V thecaand>«*lOdarmgi»oce^ One or mom source gases (two 

stowB) «re selectively provided to the proofing cluuub. 10 tton^ a final inkt v^ve 22 o« 
dircctty to meronghing pump 12 through . bypam valve 24. The jaoces. gases am typically 
supplied from gas cylinders 26. 28 through cylinder shut-off valves 30. 32. The flow rate of the 
gases is typically controlled with mass flow controllers 34. 36. Three way valves 38. 40 am used 
toselertrvelyflowu^ptocessgasmtoifce Each three way 

valve may be replaced by a tee and two shm^ffvalvesposirioriedontheteeowle^ 

ArmemseoawnKim^ analyzerSo fapositio^ 
of proems gases or aportion of exhaust gasea fie. the crunnber 10 dnough a first Ouee-w^ valve 
58 mi a second three-way valve 60. The process or erfunaa gases am town through the 
inicmsensor by a dedicated pump 66. and the flew is e^fled by a needle valve 62. or an 
orifice having adjust cooductance. A shut-off valve 64 isolates die microsensor 56 fiom me 
roughing pump 12 when desired. Alternatively, rhc ^nt^ff valve could isolate the microaensoc 56 
j^tbelugbvacunmiTO^ 

to draw the process gas or the chamber exhaust miough u» monitor. 



<;») fc 
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MIcrosensot* for other gaseous mntwninmiB en supplement or replace the moisture 
^a^-56:-ftefemd 61 s*u monitors have a thin film sensor which absorbs the gaseous 
e^tarmmmt A preferred moisture analyzer has a thin film of barium coaled on a quartz crystal 
nucrobslarrcseasmarsiiscor^ Monitors for other 

gaseous ixnlssninants include Thmium based microsensots for monitoring Oxygen. 

Figure 3 is a schematic diagram of the ^conductor processing chamber 10 and the 
inicro60QSOT 56ofFisu re Zw 

four-way valve 68 which selectively communicates (be microsensor 56 with the source of process 
i »nd a portion of exhaust gases from the chamber. 
The nricrosensor 56 preferably measures contaminants exiting the processing chamber 10 



duringpro.-saing of wafers ato^ 

the to jh vacuum pump 52. Cornamiiiarits m «*e Met gas« 

bdct^H^ are evacuate by tb^ Dun^wafaproce^ monitoring of 

pwcesi gases and chamber exhaust gases is .elected by simultaneously swi^^ 
seeend three-way valves 58. 60 (Fig. 1> or the four-way valve 68 (Fig. 3). 

WHlsthe&regoir^isoira^ 
fteheren-rodnneutooftheu^ 

and foe scope thereof is determined by the claims which fbUow. 
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Figure I (Prior Art) is a schematic view of a $cmicoiKliiciDr procBsang chamber having a 

ninaits exiting the processing chamber. 
Figure 2 is a schematic view of the «ok»oductcrpnxxs«ii^ 
which selectively, comnnmkatca with the inlet gases and exhaust gases to measure gaseous 
coatoinaals entering and exiting tie proc«siiig chamber; and 

rigure3 isaaaltHnstive schematic view of tte seBtocodb^ 
m buam ar of Figure 2. 
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1. Abstract 



ftHtrartftfl fc « ni * clw,irc 

A method and apparatus for measuring essentially real-tune concentrations of 
^ntaminanlsex^ a small vohnnc of exhaust gases from 

the p«x^ chamber is dr^t^ The imcrosensors axe selected 

tomeasurogaseouscontautinantssu^^^ 

j^a^^caa^pc^^Slms^^vcc^ The^stonHmitorspreferahlycanbe 
selectively eommunicated with the exhaust gases from the processing chamber and process i 
which bypass the processing chamber. 



2. Representative Drawing 



